A 2-yr study was conducted to evaluate the effects of a high-energy creep feed, preweaning zeranol implants and breed type on calf and cow performance. Two hundred calves sired by Brahman and Romana Red bulls out of Angus and Angus x Brown Swiss reciprocal crossbred (F1) dams were stratified by breed type and sex to three creep treatments: no creep feed (NC); long-term creep (LC), creep-fed from 56 to 210 d of age (weaning); and short-term creep (SC), creep-fed from 146 to 210 d of age. Alternate calves within sex, breed type and creep treatment were implanted with 36 mg of zeranol at an average of 56 d and reimplanted 90 d later. The LC and SC calves had heavier (P < .001) 210-d weights than NC calves (264 and 257 vs 231 kg, respectively), and the LC calves were heavier (P < .001) at 146 d than NC calves. The LC calves had higher (P < .001) ADG from 118 to 210 d of age and higher 146 and 210-d condition scores than did NC calves. Pregnancy rate was not affected (P > .46) by creep treatment of calf. Zeranol implants increased (P < .01) 146-and 210-d weights (184 vs 175 kg and 259 vs 243 kg) and ADG during all periods to weaning. Brahman-sired calves had higher (P < .005) 146-and 210-d weaning weights and frame scores than Romana Red-sired calves. Calves out of Angus dams had lower (P < .001) 146-and 210-d weights, frame scores, and ADG from 56 to 146 and to 210 d of age, but higher (P < .03) 210-d condition scores than calves out of F 1 dams. The F 1 cows gained more weight (P < .007) during the breeding season, had a lower (P < .001) condition score and a higher pregnancy rate (96.5 vs 86.8%) than the Angus cows.
Introduction
Gross income in the cow-calf facet of the beef industry is highly dependent on production of calves with heavy weaning weights. Creep feeding and implanting with growth stimulants are methods to increase preweaning gains (Cundiff et al., 1966; Scarth et al., 1968; Utley and McCormick, 1976; Stricker et al., 1979; Corah, 1980; Lowman, 1980; Ochoa et al., 1981) . Advantages of creep feeding, in addition to increased weight gain of calves, include increased weight, condition and pregnancy rate of the dam (Jones and Jones, 1932; Stricker et al., 1979) . Creep feeding may alter the maternal rank (weaning weight of calf) of cows within a herd (Bums et al., 1966; Ochoa et al., 1981) . Furthermore, it has been suggested that creep feed is utilized best by calves suckling dams with limited milk production (Christian et al., 1965) . Little is known about the combined effects of growth stimulants with creep feeding variations in the dam's milk production on the preweaning performance of calves. The objective of this study was to evaluate the effects of and interactions among 609 creep feeding, zeranol implants and breed type on calf and cow performance.
Materials and Methods
This project was conducted at the Beef Research Unit, Gainesville, from April 1 through September 1, 1981 and 1982 . The research unit is located in north central Florida (latitude 29* 40'N). Average maximum and minimum temperatures for the 1981 and 1982 experimental periods, respectively, were 32.8 and 19.3~ and 31.3 and 19.1~ Monthly rainfall averages during the experimental periods were 80.9 mm in 1981 and 170.3 mm in 1982. The major soil type is Leon fine sand and varies from moderately well-drained to very poorly drained.
Two hundred calves with Brahman and Romana Red sires and Angus and Angus x Brown Swiss F 1 reciprocal crossbred dams were used in this study. The Romana Red breed was developed in the Dominican Republic from a base of native red crioUo cows topcrossed to Mysore and Nelore bulls; it is about seven-eighths Bos indicus breeding (Rouse, 1973 Data were analyzed by least squares, fixed model procedures using SAS (1979) . The model used for analyses of calf traits included the fixed main effects of creep, zeranol, breed of sire, breed of dam, sex, year and pasture nested within creep treatment and year. Fixed main effects used in the model for cow traits included creep, zeranol, breed of cow, breed of sire of calf, sex of calf, year and pasture nested within creep treatment and year. Age of calf at the beginning of the trial was used as a covariate (linear, quadratic) in final calf and cow models, except in the analyses of 146-and 210-d weights. All cows in this study were 4 yr of age and older, with the exception of six that were 3 yr of age. Dam age (linear, quadratic) was included in preliminary analyses; however, it was removed from the calf model because of lack of significance. All twoand three-factor interactions were included in preliminary analyses. Only significant interactions remained in the final models. Linear contrasts of least-squares means for creep treatments were computed for those calf and cow traits affected (P < .10) by creep treatment.
Response traits for the calf model were 146-and 210-d weights and condition scores, preweaning ADG and frame score. Spearman (rank-order) correlation coefficients were computed between 146-and 210-d weights of calves within creep treatment and within breed of dam by creep treatment. Cow response traits included cow weight change from the beginning (which was also the start of long-term creep feeding) to the end of the breeding season, from the end of the breeding season to July 1 (start of short-term creep feeding), and from July 1 to weaning. Pregnancy rate and condition scores at the beginning and end of the breeding season and at weaning also were analyzed. A scale of 1 to 17 was used for condition scoring of cows and calves (Andrade, 1980) , and frame scores ranged from 1 to 5 (Wakeman, 1978) .
Results and Discussion

Calf Performance
Weights and Weight Gains. Least squares means for calf preweaning performance traits are shown in Table 1 . Mean 210-d weight was 252 kg. Long-term and short-term creep-fed calves were 33 and 26 kg heavier (P < .001), respectively, at 210 d than noncreep-fed calves (NC). The LC calves were heavier (P < .001) at 146 d and had a higher (P < .001) ADG from 56 to 146 d than SC and NC calves. The LC calves were consuming an average of .7 kg of creep feed/d at 118 d of age and 1.15 kg/d by 146 d of age (Figure 1 ). There was no difference (P > .50) among creep treatments for ADG from 56 to 118 d of age. This suggests that producers who creep-feed calves prior to 4 mo of age receive little benefit in terms of increased weight gains. The LC and SC calves had higher (P < .01) ADG from 146 to 210 d of age than NC calves. The SC calves gained faster (P < .08) from 146 d to 210 d of age than LC calves. This may have been a compensatory response, because the LC calves had higher ADG from 118 to 146 d of age. Similar advantages for creep feeding of calves from about 60 d of age to weaning were reported by Kuhlman et al. (1961) , Snicker et al. (1979) and Martin et al. (1981) . Burns et al. (1966) reported a 14-kg advantage due to creep feeding calves for 60 d prior to weaning at 215 d of age. Their 14-kg advantage is about half that obtained in this study over an equivalent time period.
The LC calves gained 28 kg more weight from 56 to 210 d of age than did the NC calves. The LC calves consumed 187 kg of creep feed during this time and required 6.7 kg creep feed/kg additional gain over NC calves.
The SC calves gained 22 kg more than the NC calves and had a creep efficiency of 5.3 kg of feed per additional kilogram of gain. Creep feed efficiency did not differ (P > .15) between LC and SC calves.
Rank-order correlation coefficients between 146-and 210-d weights of calves for the three creep treatments were all above .90 (Table 2) . The mean change in rank between 146-and 210-d weights of NC and LC calves was 5 vs 6 positions for SC calves. Maximum change in rank varied from 37 for NC calves to 16 for LC calves. These data indicate that creep feeding should not mask the milk-producing differences among cows, as theorized by previous reseachers (Christian et al., 1965; Bums et al., 1966; Ochoa et al., 1981) .
Calves implanted with zeranol were 9 kg heavier (P < .001) at 146 d of age and 16 kg heavier (P < .001) at 210 d than unimplanted calves (Table 1) . These results are in agreement with Corah (1980) , who reported increases in weight gain of about 10 and 24 kg, respectively, for one and two implants preweaning. Zeranol-implanted LC and SC calves gained .18 and .14 kg/d faster (P < . 001), respectively, from 146 to 210 d of age than did the unimplanted calves on the same creep treatments; implanted NC calves gained only .06 kg/d faster (P < .10) than unimplanted NC calves. These data suggest that growth response from zeranol is greater with increased nutrition, a finding similar to that reported by Davis (1980) . Calves produced by F 1 dams were heavier (P < .001) than calves from Angus dams at 146 and 210 d of age and had higher ADG (P < .01) during all periods except from 146 to 210 d of age (Table 1) . Breed of dam was confounded in this study with breed composition of calf. All calves nursing F1 dams were 1/4 Brown Swiss, 1/4 Angus and 1/2 either Brahman or Romana Red breeding. Calves nursing Angus dams were 1/2 Angus and 1/2 Brahman or Romana Red. Calves nursing reciprocal crossbred Angus x Brown Swiss dams have grown more rapidly than those nursing Angus dams (Gregory et al., 1978; Andrada, 1980; Euclides et al., 1983) . The additive response for growth rate obtained from creep feed and milk consumption was partially confounded in this study because calves with greater growth potential all were nursing dams with higher milk production. Euclides et al. (1983) showed that F1 dams produced about 1.5 kg more milk per day than Angus dams. Data from the present study do not concur with reports by Christian et at. (1965) , Burns et al. (1966) and Ochoa et al. (1981) , who suggested that creep feeding tends to mask milk production differences among cows, and that calves nursing poorer-milking dams may compensate by eating more creep feed. Wyatt et at. 0977) stated that as milk intake of the calf increases, intake of the nonmilk components, forage and creep feed, are reduced. There was no significant creep treatment x breed of dam interaction for any (Table 3) . Zeranol implants increased (P < .03) ADG from 146 to 210 d of age more in calves nursing Angus dams than in those nursing Ft dams. Brahman-sired calves were heavier (P < .001) at 146 and 210 d of age than calves sired by Romana Red bulls.
Steer calves were heavier (P < .001) at 146 and 210 d of age and gained faster in all periods (P < .001) than heifer calves (Table 1) . The zeranol effect on 210-d weight was greater (P < .09) in steers than in heifers. Implanted steers were 22 kg heavier at 210-d of age than unimplanted steers, whereas the 210-d weight of implanted heifers was 11 kg heavier than that of unimplanted heifers. In contrast, Davis (1980) reported no zeranol treatment x sex of calf interaction effect on calf weaning weight. Breed of dam x sex of calf interaction affected 146-d (P < .05) and 210-d (P < .06) weights. Steer calves nursing FI dams were 25 and 33 kg heavier at 146 and 210 d of age, respectively, than heifers nursing Ft dams. Comparable advantages for steers nursing Angus dams over heifers nursing Angus dams were 14 and 20 kg.
Frame and Condition Scores. Least squares means for frame and condition scores are presented in Table 1 . Creep feeding did not affect (P > .20) frame score at weaning. Stricker et at. (1979) . 93 4 12 =Expressed as absolute values for changes in rank. Davis (1980) and Gerken et al. (1978) . Corah (1980) , however, reported that calves implanted at birth with 36 mg of zeranol and again at 4 mo of age had less condition at weaning than unimplanted calves.
Calves produced by F1 dams were largerframed (P < .001) than those out of Angus dams, but they had lower condition scores at 210 d (P < .03). The F1 dams had been shown to produce more milk (Huclides et al., 1983) and were nursing calves with one-fourth Brown Swiss breeding. These calves were larger-framed and later-maturing and thus did not fatten as early as the one-half Angus calves nursing Angus dams. Brahman-sired calves had larger frames (P < .001) than those sired by Romana Red bulls.
Steer calves were larger-framed (P < .001) and thinner at 146 (P < .08) and 210 d (P < .001) than heifer calves. A breed of dam x sex of calf interaction affected (P < .06) frame score. Steers and heifers nursing F~ dams had larger frames (3.5 and 3.0, respectively) than those nursing Angus dams (2.8 and 2.6).
Cow Performance
Least squares means for cow weight change, condition score and pregnancy rate are presented in Table 4 . Cow condition score at the beginning of the breeding season did not differ (P > .57) among the three calf creeptreatment groups. Cows with LC calves, however, gained more (P < .09) weight during the 60-d breeding season and had a higher (P < .02) condition score at the end of the breeding season than those nursing calves not receiving creep feed. Other authors have suggested that increases in cow weight gain and condition due to creep feeding of calves might result in an increase in pregnancy rate (Jones and Jones, 1932; Stricker et al., 1979) . In this study, however, pregnancy rate was not affected (P > .46) by creep treatment of calf (89.5% for the non-creep group vs 92.7% for the creep-fed group), even though a difference did exist in cow weight change and condition score. Creep treatment of the calf did not affect (P > .11) cow weight gain from the end of the breeding season to July 1, but cows nursing SC and LC calves gained more (P < .001) weight from July 1 until the calves were weaned on September 1. Creep treatment of calf had no effect (P > .28) on condition score of dam at weaning.
Weight gain, condition score and pregnancy rate of dam were not affected by zeranol treatment of calves. In this study, zeranolimplanted calves gained more rapidly throughout the nursing period than did unimplanted calves. Because zeranol implants in calves had no affect on cow weight gain, condition score or pregnancy rate, the increased weight gain of an implanted calf apparently did not place an added stress on the cow.
Angus cows gained less (P < .02) weight from the beginning of the breeding season to July 1 but had higher (P < .001) condition scores than did F1 cows. The F1 cows had a higher (P < .07) pregnancy rate than Angus cows (96.6 vs 86.8%).
Cows nursing Brahman-sired calves gained more (P < .09) weight during the breeding season than those nursing Romana Red-sired calves. There was no difference, however, in weight gain of calves during the breeding season due to breed of sire (Table 1) . Breed of sire of calf did not affect (P > .19) cow condition score or pregnancy rate. Sex of calf did not affect (P > .55) cow weight gain or condition score; however, cows nursing heifer calves had a higher (P < .10) pregnancy rate than those nursing steer calves.
It can be concluded that calves receive very little benefit from creep feed prior to 120 d of age. Creep feeding calves from about 5 mo of age until weaning at 7 mo results in more efficient utilization of creep feed and almost as much increase in weight gain as creep feeding from 2 mo of age. The effects of creep feed intake and milk intake on preweaning weight gain were shown to be additive in calves with above-average growth potential. Increased levels of nutrition, from creep feed and milk, should result in increased growth response to zeranol. Pregnancy rate was not increased by creep feeding of calves when the cows had adequate nutrition during the breeding season. 
